Objective: We aimed to establish high performance liquid chromatography (HPLC) method to measure plasma melatonin levels easily, sensitively and reliably.
Introduction
Melatonin (N-acetyl-5-methoxytryptamine) is synthesized from tryptophan and it is a neurohormone which is secreted from the pineal gland of all mammals [1, 2] . Tryptophan, which is a melatonin precursor, is hydroxylated in the cells and turned into 5-hydroxytryptophan. Then this is decarboxylated and turned into serotonin (5-hydroxytryptamine). Serotonin is acetylated by arylalkylamine n-acetyltransferase (AA-NAT) enzyme to form N-acetylserotonin. N-acetylserotonin turns into melatonin by hydroxyindole-Omethyltransferase (HIOMT) [3] . Melatonin synthesis is affected by periods of light and dark, and the maximum secretion occurs between 2 to 4 a.m. in the night [4, 5] . The release also varies depending on age and season. Recent studies show that melatonin not only affects the immune system, but also has antioxidant, anti-apoptotic, anticarcinogenic, anti-aging properties [4] .
There are many methods for the measurement of melatonin. Some of these methods are radioimmunoassay (RIA), gas chromatography-mass spectrometry (GC-MS), enzyme-linked immunesorbent assay (ELISA) and high performance liquid chromatography (HPLC). Among these methods GC-MS is the most sensitive and selective one.
However, because of the long sample preparation and being too expensive, this method is not practical for routine use [6] .
In this study, we propose to use HPLC method because of its high sensitivity and selectivity. The method is also easily applied and cheaper than the other methods.
Materials and methods

Chemicals
Melatonin was obtained from Sigma-Aldrich (Shanghai, PR China). Sodium acetate and methanol were obtained from Merck (Darmstadt, Germany). Dichloromethane and acetonytrile were purchased from Sigma-Aldrich (Taufkirchen, Germany). Acetic acid was obtained from BDH Ltd (Poole Dorset, UK). All solvents and reagents were of HPLC grade. Solid phase extraction (SPE) columns, Water Oasis HLB (1 cc) cartridge, were purchased from Waters Corporation (Milford, MA, USA). The stock solution of melatonin standard (1 nM) was prepared in a mixture of methanol/HPLC grade water (1:9, v/v) and stored at -80ºC. Working solutions were diluted with HPLC grade water and were prepared daily in the form of 12.5, 25, 50, 100 and 200 pg/mL concentrations.
Brief Report
Sample collection
Human plasma was obtained from blood samples which collected to vacutainer tubes containing ethylene diamine tetra acetic acid (EDTA) as anticoagulant. Blood samples were centrifuged at 3500 rpm for 5 min, then plasma was removed, aliquoted (1 mL) and stored at -80ºC.
Preparation of solid phase extraction columns Solid phase extraction columns were conditioned to make a better separation by putting 1 mL methanol, 1 mL HPLC grade water, respectively, and centrifuged for 1 min at 1600 rpm.
Preparation of samples Frozen samples were thawed at room temperature and vortexed. 1 mL plasma sample was loaded onto the conditioned Oasis HLB SPE columns (1 ml). The content was centrifuged for 1 min at 1600 rpm and it was extracted. Thus, melatonin was held in the extraction column. The melatonin in this column was extracted by adding 2 mL dichloromethane into the column and by making centrifuge for 1 min at 1600 rpm. Therefore, melatonin was collected in the test tube. Afterwards, the tubes were located in hot water and dichloromethane in these tubes was evaporated by double boiler method under the fume cupboard. The sample residue was then reconstituted in 100 μL of mobile phase and vortexed for 30 seconds. 40 μL of this solution was injected into the chromatography.
Chromatography Measurement of plasma melatonin levels was performed by a HPLC device (Agilent Technologies 1100 Series System, Santa Clara, CA, USA) with fluorescence detector (FLD). Separation of melatonin was achieved with a 150 x 4.6 mm I.D. Phemomenex Inertsil ODS-2, C18 RP column (Phenomenex, Torrance, CA, USA) with a particle size of 5 μm fitted with a 10 x 4.6 mm I.D. Waters Spherisorb ODS-2 guard column (Waters, Queensferry, UK) using 75 mM sodium acetateacetonitrile (72:28, v/v)(pH 5) as mobile phase (isocratic elution) at a flow rate of 1 ml/min. The areas of peaks detected by fluorescent detector (Ex: 275 nm; Em: 345 nm) were used for quantification. Plasma melatonin levels were expressed as pg/mL.
Quantitative determination Precision
Precision was defined as repeatability (intra-assay variation) and reproducibility (inter-assay variation). Intra-assay variation was performed in 10 plasma samples replicate runs. Inter-assay variation was performed in 10 plasma samples analyzed on 10 different days.
Recovery
The extraction recovery of melatonin from the plasma sample was determined by spiking known amount of melatonin (100 pg/mL), and was calculated by comparing the peak response with those obtained from melatonin aqueous standard (100 pg/mL).
Linearity Calibration curve (n=12) of a wide range of melatonin aqueous standards in concentrations varying from 0.25 to 1000 pg/mL, extracted as described, was determined.
Results
Melatonin aqueous standard curve was obtained as shown in Fig.1 . These melatonin standards were between the ranges of 12.5-200 pg/mL. Melatonin standards' concentrations were correlated with the peak areas that obtained from the chromatograms (r 2 =0.999, Fig.1 ). The chromatograms of melatonin standards are shown in Fig.2 . This figure shows a typically melatonin standard chromatogram. Retention time for melatonin was about 6.15 minute.
We indicate a chromatogram of healthy human plasma in Fig.3 . Melatonin concentration belong to this healthy person was 127.05 pg/mL.
Quantitative results
Precision
The coefficient of variation (CV%) values for intra-assay imprecision and inter-assay imprecision were 4.02% and 5.41%, respectively. Inter-assay and intra-assay imprecision values are shown in Table 1 .
Recovery Recovery was found 97.6% for plasma samples. Linearity Linear correlation was found to be r 2 =0.9995 for melatonin aqueous standards (Fig.4) . Melatonin standard concentrations were between range of 0.25-1000 pg/mL. We found that linearity continued even in this wide range. n: the number of study; SD: standard deviation; CV: coefficient of variation
Discussion
Today, the methods used to measure melatonin are RIA, ELISA, GC-MS and HPLC. Among these, RIA and ELISA kits are the most frequently used ones [7] . Since melatonin molecule cross-reacts with other similar indole structure molecules, the selectivity of these immunoassay methods is low. GC-MS method is both sensitive and selective; however, high price of its materials limits its use.
Nevertheless, it is not commonly used since sample preparation time to determine compound derivatives is long and it is an expensive method since it requires specific internal standards to give exact quantitative results.
The separation of melatonin from the samples constitutes the most important step in melatonin measurement methods. For this reason, we used SPE columns in HPLC method to separate melatonin, since this is a leading method to decrease the interference of endogenous indole compounds in the plasma to minimum [8] . In addition to this, after a proper separation, the method is also very critical in measurement. The most commonly used methods are RIA and ELISA since they are easy and cheap [9, 10] . Yet, we used HPLC method which is considered as the golden standard method in the measurement of melatonin. We observed that intra (n=10) and inter-assay (n=10) repeatability (4.02 and 5.41%, respectively) and the recovery results (97.2%) are very good.
We decided to use internal and external standards together in our study. In general, some internal standards that resemble the molecular structure of melatonin are used. We used melatonin (Sigma M5250-106) as the external standard in our study. Romsing et al [7] aliquoted 1 mmol/L stock external melatonin standard to prepare 100, 75 and 25 nmol/L working solutions. Rizzo et al [11] , however, used 1 mg/mL stock external melatonin standard and diluted this to use 0.5 to 500 pg/mL of standards. We prepared 1 nmol/L stock melatonin standard and by diluting this we produced 12.5, 25, 50, 100 and 200 pg/mL of working solutions. In healthy humans, melatonin levels are about 10-20 and 80-150 pg/mL during day-time and at night, respectively. We prepared melatonin standards above and below these values to cover healthy human values. Therefore, we drew a standard curve with these melatonin standards. Furthermore, we prepared very low and high (between 0.25 and 1000 pg/mL) values of standards and observed that the linearity is not disturbed and it continued even in a high range. It is an advantage to measure melatonin levels within a high range reliably using only 0.8 mL of plasma samples. The easiness of sample preparation and extraction process as well as a short working time (10 min) are the additional advantages of this method.
In this study, we applied an isocratic HPLC method which is easy, sensitive and quick to determine plasma melatonin. Thus HPLC method maybe regarded as the golden standard, i.e. the most sensitive reference method to measure plasma melatonin levels.
